1. Introduction
===============

It is well established that the extent of weight or fat loss in response to exercise training varies between individuals [@bib1; @bib2; @bib3]. The extent of compliance to the exercise intervention clearly contributes to this variation [@bib2; @bib4; @bib5]; but even when this is accounted for, differences in weight and fat loss between individuals are observed [@bib1; @bib3]. It has been suggested that individual differences in compensatory adjustments to the increased exercise energy expenditure are responsible for this variability [@bib6]. Indeed, it has recently been reported that those who lost less weight than predicted in response to an exercise intervention increased their energy intake over the course of the intervention, whereas those who lost more weight than predicted decreased energy intake, although there was no overall change in energy intake before and after the intervention for the group as a whole [@bib1]. Furthermore, compensatory decreases in energy expended in spontaneous activity have been shown to lead to smaller than expected increases in total energy expenditure in response to exercise interventions [@bib7; @bib8]; and a wide variation in the extent of change in nonintervention energy expenditure when individuals undergo an exercise training intervention has been reported [@bib7]. The extent to which this contributes to individual differences in weight or fat loss is unclear; but it has been shown that individuals with the greatest increases in nonexercise activity thermogenesis in response to overfeeding are protected from weight gain [@bib9], which suggests that individual differences in activity compensation could conceivably play a role in determining responsiveness to exercise-induced weight loss.

However, differences in behavioral compensation probably cannot explain all of the variability in responsiveness to exercise-induced weight and fat loss. For example, Bouchard and colleagues [@bib10] reported that, in men residing at an isolated experimental station in a highly controlled environment, imposition of an exercise-induced energy deficit of 4.2 MJ/d for 84 days, with constant energy intake, led to reductions in body weight ranging from 3 to 12 kg, a range which is unlikely to be fully explained by differences in compensatory activity between subjects. Thus, nonbehavioral metabolic factors are also likely to contribute to individual responsiveness to exercise-induced weight loss. One metabolic factor that could contribute is resting metabolic rate; however, a recent report found no significant difference in the change in resting metabolic rate between the start and end of an exercise intervention between subjects who lost more weight than expected and those who lost less weight than expected, suggesting that this does not play a major role [@bib1]. A further metabolic factor that might play a role is the magnitude of the exercise-induced change in resting fat oxidation. Both fasting fat oxidation and postprandial fat oxidation have been shown to increase for at least 24 hours after an exercise session [@bib11; @bib12; @bib13], even in the absence of an exercise-induced energy deficit [@bib12]; and studies have reported greater fat oxidation at rest in endurance-trained vs untrained individuals [@bib14]. The exercise-induced increase in resting fat oxidation varies between individuals [@bib12; @bib15; @bib16]; and indeed, the extent of this increase has been demonstrated to be a strong predictor of other exercise-induced metabolic changes, such as the magnitude of change to postprandial lipid metabolism [@bib12] and insulin sensitivity [@bib16]. Furthermore, a number of studies have shown that a high respiratory quotient (RQ) (indicating high carbohydrate and low fat oxidation) measured fasting [@bib17; @bib18] or over 24 hours [@bib19] is a significant predictor of long-term weight gain, independent of metabolic rate [@bib17; @bib18; @bib19]. Thus, effects of exercise on resting fat oxidation may contribute to fat loss in response to an exercise intervention. We therefore hypothesized that variability in the up-regulation of resting fat oxidation after an exercise training intervention would contribute to the interindividual variability in exercise-induced fat loss and that this effect would be independent of energy expended during exercise training sessions and the effects of behavioral compensatory responses. In addition, we sought to determine whether any baseline physiologic, metabolic, anthropometric, or behavioral characteristics could predict responsiveness to exercise-induced fat loss.

2. Methods
==========

2.1. Subjects
-------------

Subjects for this study participated in an intervention trial to determine the effects of exercise training on insulin sensitivity in women with and without a family history of diabetes [@bib20]. They were recruited via newspaper articles, a study Web site, posters, the University newsletter, and personal contacts. Sixty-two women completed the intervention, and complete data sets for the variables of interest were available in 55 subjects. These 55 women were included in the data analysis, and their characteristics are presented in [Table 1](#tbl1){ref-type="table"}. All subjects were in general good health, were premenopausal with a regular menstrual cycle, were nonsmokers, had a sedentary lifestyle (\<1 hour of planned physical activity per week and a sedentary job), had fasting plasma glucose less than 7 mmol/L, and had blood pressure less than 160/90 mm Hg. Twenty-seven of the women were offspring of patients with type 2 diabetes mellitus, and 28 had no family history of the disease. All participants gave written informed consent before inclusion in this trial that was approved by the Research Ethics Committee of the North Glasgow University Hospitals National Health Service Trust and registered with ClinicalTrials.gov (trial identifier: NCT00268541). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.

2.2. Study design
-----------------

The overall study design has been described previously [@bib20]; but, in brief, subjects all underwent a metabolic assessment, body composition measurements (by dual x-ray absorptiometry \[DEXA\]), and a cardiorespiratory fitness test, including individualized calibration of the heart rate vs oxygen uptake relationship, at baseline and after a controlled 7-week endurance-type exercise training program. Dietary intake and physical activity were monitored during the week preceding baseline metabolic assessment and during the final week of the exercise training program.

2.3. Metabolic assessment
-------------------------

Subjects reported to the metabolic suite after 12-hour overnight fast; and after a 10-minute rest lying on a couch, a 20-minute expired air sample was collected using a ventilated hood system (Deltatrac Metabolic Monitor, Datex Engstrom, Kent, United Kingdom) to determine resting oxygen uptake (V[o]{.smallcaps}~2~), carbon dioxide production (V[co]{.smallcaps}~2~), RQ (ie, V[co]{.smallcaps}~2~/V[o]{.smallcaps}~2~), and metabolic rate. Resting heart rate was recorded immediately after the ventilated hood measurement (ie, after subjects had been lying supine for at least 30 minutes) using an automated device (Complior; Artech Medical, Pantin, France). Volunteers completed their final exercise session 15 to 24 hours before the postintervention measurements.

2.4. Body composition assessment
--------------------------------

The DEXA scans (LUNAR Prodigy DEXA scanner; GE Healthcare Diagnostic Imaging, Slough, Berkshire, United Kingdom) were used to determine body composition and fat distribution. Height, body mass, and waist circumferences were also determined using standard protocols [@bib21].

2.5. Fitness test and calibration of the heart rate vs V[o]{.smallcaps}~2~ relationship
---------------------------------------------------------------------------------------

Subjects attended for this test at least 2 hours after eating. After a 10-minute rest, 5-minute expired air samples were collected via a mouthpiece into Douglas bags for the determination of V[o]{.smallcaps}~2~ and V[co]{.smallcaps}~2~ during 3 sedentary activities, that is, sitting, standing, and standing with arms swaying. The mean V[o]{.smallcaps}~2~ of these 3 activities was taken as representative of V[o]{.smallcaps}~2~ during sedentary activities. After this, subjects performed an incremental, submaximal treadmill walking test to determine their heart rate vs V[o]{.smallcaps}~2~ relationship and to estimate maximal oxygen uptake (V[o]{.smallcaps}~2~max) [@bib22]. Treadmill speed was set at 5 km/h, with gradient increasing by 2% per 5-minute stage. Expired air samples for the determination of oxygen uptake and carbon dioxide production and heart rates were taken throughout. Tests were terminated once subjects achieved approximately 85% of their age-predicted maximum heart rate, and the oxygen uptake vs heart rate relationship was extrapolated to age-predicted maximum (220 − age) to estimate V[o]{.smallcaps}~2~max.

2.6. Physical activity and dietary assessment
---------------------------------------------

For 7 days preceding each metabolic assessment day, subjects wore a heart rate monitor for all waking hours (Polar 610i; Polar Electro, Kempele, Finland); and minute-by-minute heart rates were recorded. Average daily heart rate minus resting heart rate (ie, the time-averaged area under the heart rate vs time curve, using resting heart rate as baseline) was used as a surrogate measure of total activity. Time spent more than 1.5 and 2 times resting heart rate (determined during the metabolic assessment) were used as surrogate indices of time spent engaging in activities of at least light and at least moderate intensity, respectively. During this time, subjects also completed 7-day weighed food diaries that were analyzed using a computerized version of food composition tables (CompEat Pro; Nutrition Systems, Banbury, United Kingdom).

2.7. Exercise intervention
--------------------------

Subjects underwent a progressive 7-week endurance-type exercise training program starting with 3 × 30 minutes of exercise in the first week, building progressively to 5 × 60 minutes of exercise in weeks 6 and 7 of the intervention. All subjects were given free access to the University Sports Centre, were provided with a downloadable heart rate monitor (Polar 610i), and were instructed to exercise at 65% to 80% of their predicted maximum heart rate for all exercise sessions. Subjects could use whichever cardiovascular exercise equipment they preferred (eg, treadmill, stepper, cycle ergometer, rowing ergometer) or attend scheduled aerobic exercise classes. Alternatively, subjects could run, cycle, or perform other modes of exercise at other locations if they preferred, provided that they completed the required duration and intensity of exercise. One exercise session per week was supervised by an investigator. At this session, heart rate data from the previous week\'s sessions were downloaded to verify compliance; and the exercise plan for the following week was agreed. A total of 32 exercise sessions were prescribed over the course of the intervention. Other than participating in the exercise intervention, subjects were requested to make no changes to their lifestyle for the duration of the study.

For each exercise training session, the mean heart rate of the session was converted into an equivalent V[o]{.smallcaps}~2~ based on the individualized heart rate vs V[o]{.smallcaps}~2~ relationship. The individual\'s V[o]{.smallcaps}~2~ associated with sedentary activity was subtracted from this value to determine the net exercise V[o]{.smallcaps}~2~ (ie, the oxygen cost of exercise over and above that of sedentary daily activities). The net exercise V[o]{.smallcaps}~2~ was then multiplied by the duration of exercise to determine the total net oxygen cost of the exercise session, and the net energy cost of the session (in kilojoules) was obtained by multiplying the net oxygen cost by 20.3 [@bib23]. For exercise sessions performed during the first 3.5 weeks of the program, energy expenditure values were determined using the heart rate vs V[o]{.smallcaps}~2~ relationship from the baseline fitness test; for sessions during the second 3.5 weeks of the program, values obtained during the postintervention fitness test were used in the energy expenditure calculations. The net energy expenditures of all exercise sessions were summed to determine the total net energy expenditure of the exercise training program.

2.8. Reproducibility and statistical power
------------------------------------------

To determine the reproducibility of the resting RQ measurements in a free-living situation, 28 of the women in this study underwent 2 ventilated hood measurements after a 12-hour fast, at an interval of 8 weeks, with no specific guidelines other than to maintain their usual diet and physical activity habits throughout the interval between measurements. Fasting RQ was 0.84 ± 0.04 on the first visit and 0.85 ± 0.05 on the second visit (not significant), and the SD for the difference in RQ between visits was 0.05. Based on these data, the present study, with 55 participants, had sufficient statistical power to detect a difference in RQ with exercise training of 0.02 with 90% power. This number of volunteers also enables detection of a correlation between variables of 0.26 at the *P* equal to .05 level.

2.9. Statistical analysis {#sec1}
-------------------------

Data were analyzed using Statistica (version 6.0; StatSoft, Tulsa, OK) and Minitab (version 13.1; Minitab, State College, PA). Univariate linear regression analyses were performed to determine the relationship between change in total and regional (trunk, upper body \[ie, trunk plus arm\], and leg) fat mass over the course of the intervention and the following: total net energy expenditure of the exercise intervention; behavioral compensation variables (ie, change in energy, fat, carbohydrate, and protein intake; change in average daily heart rate minus resting heart rate; and change in time spent more than 1.5 and 2 times resting heart rate excluding exercise training); changes in physiologic variables (ie, change in V[o]{.smallcaps}~2~max, change in resting metabolic rate, change in fasting RQ); and baseline physiologic and behavioral characteristics (age; body mass index \[BMI\]; total and regional fat mass; V[o]{.smallcaps}~2~max; resting metabolic rate; fasting RQ; energy, fat, carbohydrate, and protein intake; average daily heart rate minus resting heart rate; time spent more than 1.5 and 2 times resting heart rate). To determine the extent to which variables were related to change in fat mass independently of exercise energy expenditure, univariate linear regressions were then performed between the residuals for change in fat mass of the regression between change in fat mass and net total energy expenditure of exercise and the other variables. This classic statistical approach has been used previously to determine the independent effects of individual variables within multifactorial systems on biological outcomes [@bib24; @bib25] and, in effect, provides the correlations between change in fat mass and other variables, adjusted for the effect of net total energy expenditure of exercise. To further adjust for the effect of change in energy intake on change in fat mass, the residual for change in fat mass after regression with net total energy expenditure of exercise and change in energy intake was used in univariate linear regressions with the other variables. Finally, to determine which variables were independent predictors of the change in fat mass, multiple regression analysis was performed. Statistical significance was accepted at the *P* equal to .05 level.

3. Results
==========

Baseline characteristics and group changes in response to the exercise intervention are shown in [Table 1](#tbl1){ref-type="table"}. In response to the exercise training intervention, the group as a whole significantly reduced BMI (by 0.9%), total fat mass (by 3.3%), trunk fat mass (by 3.0%), upper body fat mass (by 3.8%), leg fat mass (by 2.5%), percentage body fat (by 2.6%), and waist circumference (by 1.4%); but lean body mass was not significantly changed. Maximal oxygen uptake (by 13.6%) was significantly increased. Resting metabolic rate was not changed; but fasting RQ was significantly reduced, indicating a shift in substrate utilization toward fat oxidation. Although subjects were asked not to alter their diets over the course of the intervention, energy (by 6.3%), carbohydrate (by 7.6%), and protein (by 8.8%) intakes were significantly lower at the end of the intervention than at baseline; but there were no significant difference in fat intake between the start and end of the intervention. Average daily heart rate minus resting heart rate and total time spent more than 1.5 and 2 times resting heart rate (including time spent in the exercise sessions) were all significantly higher at the end of the intervention than at baseline (*P* \< .01); but the latter 2 factors did not differ between baseline and the end of the intervention when the time spent during the intervention exercise sessions was excluded.

Across the group, there was a wide individual variation in change in total fat mass over the intervention, with individual changes in total fat mass ranging from a 2.1-kg gain to a 5.3-kg loss ([Fig. 1](#fig1){ref-type="fig"}, top panel). Correlates of the change in total fat mass over the intervention are shown in [Table 2](#tbl2){ref-type="table"}. The strongest correlate of change in total fat mass during simple univariate regression analysis was total net energy expenditure of exercise (*r* = 0.60, *P* \< .0005), explaining 36% of the variance in this factor. Change in average daily heart rate minus resting heart rate (which incorporates heart rate elevations from the exercise intervention) also significantly correlated with change in total fat mass (*r* = −0.31, *P* = .02); but change in time spent more than 1.5 and 2 times resting heart rate (excluding exercise training) did not. Change in fat intake (*r* = −0.25, *P* = .06) and change in fasting RQ (*r* = −0.25, *P* = .06) had borderline significant correlations with change in total fat mass in simple univariate regression analysis. The middle panel of [Fig. 1](#fig1){ref-type="fig"} shows the individual residual changes in total fat mass after adjustment for the net total energy expenditure of exercise, and the bottom panel shows the individual residual changes in total fat mass after adjustment for the net total energy expenditure of exercise and changes in energy intake. In other words, these panels show the variation in change in total fat mass that cannot be explained by changes in exercise energy expenditure and energy intake over the intervention. The relationship between change in total fat mass and change in fasting RQ was strengthened after adjustment for the total net energy expenditure of the exercise (*r* = −0.31, *P* = .02) and remained significant after further adjustment for change in energy intake (*r* = -0.26, *P* = .05) ([Fig. 2](#fig2){ref-type="fig"}). Thus, change in fasting RQ explained approximately 7% of the variance in the change in total fat mass over the course of the intervention after adjustment for effects of the total net energy expenditure of exercise and change in energy intake. Adjusting for exercise energy expenditure and change in energy intake both weakened the relationship between change in total fat mass and change in fat intake. None of the included baseline factors correlated significantly with change in total fat mass in any of these analyses (data not shown). In multiple regression analysis including all of the variables described in the "[Statistical analysis](#sec1){ref-type="sec"}" section in the model, net total energy expenditure of exercise (*P* \< .0005) and change in fasting RQ (*P* = .02) were the only statistically significant independent predictors of change in total fat mass. Together, these 2 variables explained 40.2% of the variance in change in total fat mass (adjusted *R*^2^).

In univariate regression, changes in trunk (*r* = 0.87, *P* \< .0005), upper body (*r* = 0.92, *P* \< .0005), and leg (*r* = 0.52, *P* \< .0005) fat were strongly associated with changes in total fat mass. In addition, changes in trunk (*r* = −0.43, *P* = .001), upper body (*r* = −0.49, *P* \< .0005), and leg (*r* = −0.45, *P* = .001) fat all significantly correlated with total net energy expenditure of exercise. Change in trunk fat also significantly correlated with change in average daily heart rate minus resting heart rate (*r* = −0.29, *P* = .03), and change in upper body fat correlated significantly with fat intake at baseline (*r* = −0.28, *P* = .04) (ie, those with highest baseline fat intake lost the greatest amount of upper body fat). Changes in trunk, upper body, or leg fat were not significantly associated with change in fasting RQ.

Because the exercise training--induced change in fasting RQ was a significant predictor of change in total fat mass, univariate and multivariate regression analyses were performed to determine whether any of the other measured variables could predict the exercise-induced change in RQ. Change in fasting RQ was significantly associated with diabetes family history (with 0 and 1 included as dummy variables for negative and positive diabetes family history, respectively) (*r* = −0.347, *P* = .009) (ie, those with a positive diabetes family history had a bigger exercise-induced reduction in fasting RQ); baseline BMI (*r* = 0.29, *P* = .035) and total (*r* = 0.29, *P* = .033) and leg (*r* = 0.36, *P* = .006) fat mass (ie, those with lower baseline BMI and fat mass had bigger reductions in RQ); baseline fasting RQ (*r* = −0.67, *P* \< .0005) (ie, those with higher RQ at baseline had bigger reductions in RQ); and changes in energy (*r* = 0.29, *P* = .035), carbohydrate (*r* = 0.28, *P* = .40), and fat (*r* = 0.27, *P* = .047) intake (ie, those with bigger decreases in energy, carbohydrate, and fat intake had bigger reductions in RQ). In multiple regression analysis, baseline fasting RQ (*P* \< .0005), diabetes family history (*P* = .001), and change in energy intake (*P* = .049) were independent significant predictors of the change in fasting RQ, together explaining 55.9% of the variance. Baseline fasting RQ alone explained 44.2% of the variance in the change in fasting RQ.

4. Discussion
=============

In this study, 55 women underwent a 7-week exercise training program, which induced a mean total fat loss for the group of 0.97 kg. The mean net total energy expenditure of the exercise program was 36.9 MJ; so, assuming that fat loss requires a negative energy balance of 39.4 MJ/kg [@bib26], fat loss in the group as a whole was broadly at the expected level. However, considering the change in fat mass at group level obscures the wide interindividual variability in change in fat mass with the intervention ([Fig. 1](#fig1){ref-type="fig"}). The most important correlate of change in total fat mass was net total energy expenditure of exercise, which explained 36% of the variance; but even after adjusting for this and for changes in energy intake over the intervention, a wide variation for the residual change in fat mass was evident, ranging from +2.5 to −2.9 kg. The main novel finding of the study was that the residual change in total fat mass in response to an exercise intervention, after adjustment for the energy expended during the exercise intervention and for changes in energy intake, was related to the change in fasting RQ between the start and end of the intervention. Change in fasting RQ explained approximately 7% of the variance of the residual change in fat mass. Indeed, the relationship between change in fasting RQ and change in total fat mass was independent of all other physiologic and behavioral variables included in a multivariate analysis model; and in this model, change in RQ and net total energy expenditure of exercise were the only significant independent predictors of change in total fat mass.

It is not possible from the design of this study to determine the direction of causality between change in fasting RQ and change in fat mass conclusively. However, the case that exercise-induced reduction in RQ was a significant predictor of exercise-induced fat loss fits well with the body of data indicating that a high RQ predicts long-term weight gain [@bib17; @bib18; @bib19]; in other words, good fat oxidizers were protected from future weight gain. Our data build on this work, indicating that individuals who had the largest shifts in resting substrate utilization toward fat oxidation in response to exercise training experienced the greatest losses in fat mass, independent of exercise energy expenditure and change in energy intake. The studies of RQ and long-term weight gain found this effect to be independent of metabolic rate [@bib17; @bib18; @bib19], and our findings are consistent with this. Indeed, in agreement with the study of King et al [@bib1], we found that changes in resting metabolic rate between the start and end of the intervention were not associated with change in fat mass.

On the other hand, it is well established that negative energy balance leads to increased fat oxidation [@bib27]; and the women with the greatest fat losses in this study would, by definition, have incurred the greatest negative energy balances over the course of the intervention. However, this shift toward fat oxidation appears to occur largely in response to acute negative energy balance over the relatively short term; and over the longer term, a number of studies have reported that weight loss (ie, incurring a large cumulative negative energy balance over a number of weeks or months, with consequent changes in body composition) is often associated with no change [@bib28] or even an *increase* [@bib29; @bib30; @bib31] in fasting and 24-hour RQ. Indeed, an increase in RQ in response to weight loss is thought to be one of the factors predisposing to weight regain after weight loss: a number of reports have indicated that the individuals with the highest RQs after weight loss are those who are most susceptible to weight regain [@bib28; @bib32]. Furthermore, the change in fat oxidation in response to the same degree of short-term negative energy balance [@bib12] and long-term change in body weight [@bib30] is highly variable between individuals. For example, we have reported individual changes in whole-body postprandial fat oxidation ranging from a decrease of 4 g to an increase of 16 g over an 8.5-hour observation on the day after an exercise session inducing an identical energy deficit of 27 kJ/kg in all subjects [@bib12]. It has been demonstrated that this variability has metabolic consequences beyond the regulation of body weight: individuals who up-regulate postexercise fat oxidation to the greatest extent in response to a given energy deficit also experience the largest changes to postprandial lipid metabolism [@bib12] and insulin sensitivity [@bib16]. In addition, we have shown that exercise increases subsequent fat oxidation for at least 24 hours even in the absence of an associated energy deficit and that the extent of this increase also varies markedly between individuals [@bib12]. As the posttraining metabolic assessment was undertaken 15 to 24 hours after an exercise session, it is likely that the variation in change in RQ in the present study at least partly reflects interindividual differences in the acute postexercise increase in fat oxidation. Thus, the evidence from the literature indicates that exercise-induced changes in RQ exhibit a large degree of interindividual variability and are evident in the absence of energy deficit, and that RQ is not consistently reduced after weight loss; so it does not support the rationale that larger reductions in RQ are simply the consequence of larger incurred negative energy balances and greater weight losses.

As the change in fasting RQ was significantly and independently associated with change in total fat mass, we sought to determine what factors influenced change in RQ. By far, the most important predictor of the change in fasting RQ was its baseline value: those with the highest baseline values for RQ experienced the greatest reductions. Thus, it appears that individuals who are "carbohydrate oxidizers" when sedentary experience the greatest shift toward fat oxidation in response to exercise training. This is an exciting possibility that suggests that those who are most susceptible to weight gain due to their high RQ [@bib17; @bib18; @bib19] experience the greatest benefits in terms of increase in resting fat oxidation from exercise. However, baseline fasting RQ was not significantly associated with change in total fat mass; a degree of caution is advised when interpreting this observation. Change in fasting RQ was also significantly associated with other "innate" baseline factors, namely, BMI, total and leg fat mass, and diabetes family history; however, change in components of dietary intake was also implicated, albeit to a much lesser degree than baseline RQ, suggesting that "behavioral" and "metabolic" factors influencing change in fat mass are not completely independent of each other.

The present study has a number of strengths. With 55 participants, it is the largest study to date attempting to address the issue of factors influencing individual responsiveness to exercise-induced fat loss, which provides statistically high power to detect associations between variables, making the statistical findings of this study robust. In addition, both metabolic and behavioral variables were included in the analyses, enabling the relative importance of each to be determined; and energy expenditure of the exercise intervention was objectively quantified on an individual-by-individual basis. Furthermore, baseline and postintervention testing was performed at an interval of 8 weeks to ensure that, as far as possible, women were in the same phase of menstrual cycle for baseline and postintervention testing, thus limiting the confounding effects of cyclical hormonal changes on the results.

The main limitations to this study, which are common to most reports in this field, relate to the measurement of behavioral compensation variables. Firstly, it is well established that underreporting is a common problem incurred in measurement of dietary intake and that this problem is greater in obese than lean individuals [@bib33; @bib34]. However, it appears that the extent of underreporting is relatively consistent within an individual [@bib34], implying that differences in dietary intake between 2 observation points (eg, baseline and postintervention) are likely to be determined with greater accuracy than absolute dietary intakes at a single time point. Thus, the repeated-measures design in the present study may attenuate this potential error. Furthermore, the effect of inaccuracy in measurement of dietary intake would act to diminish any association with exercise-induced change in fat mass (a regression dilution bias effect [@bib35]): thus, the finding that there was a borderline significant relationship between change in fat intake and exercise-induced change in fat mass in the present study, despite potential errors in the assessment on dietary intake, suggests that this association was likely to be real. This would be in agreement with the recent work of King and colleagues [@bib1] who reported that dietary compensation influenced the extent of weight loss in response to exercise training. In contrast, we found no evidence to suggest that individual differences in compensation by reducing nonexercise activities influenced the extent of fat loss with the heart rate monitoring methodology used in the present study. However, because factors other than activity (eg, excitement and stress) can influence heart rate, particularly when heart rates are relatively low (as they are over most of the day), this approach may have missed subtle changes in activity that could have contributed to responsiveness to exercise-induced fat loss. Thus, it is conceivable that individual differences in compensatory changes in spontaneous physical activity in response to an exercise intervention could have an effect on the extent of exercise-induced changes in fat mass that we were unable to detect in the present study.

In conclusion, this study found that the extent of exercise-induced fat loss is associated not only with exercise energy expenditure but also with changes in RQ at rest. Thus, development of strategies to maximize the shift in resting substrate utilization toward fat oxidation in response to an exercise training program may help individuals to maximize exercise-induced fat loss.
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###### 

Subject characteristics at baseline and changes in response to exercise training

                                                                            Baseline       Change with exercise training
  ------------------------------------------------------------------------- -------------- -----------------------------------------------
  Age (y)                                                                   34.7 ± 6.4     --
  BMI (kg/m^2^)                                                             27.5 ± 4.7     −0.2 ± 0.7[†](#tblfn2){ref-type="table-fn"}
  Lean mass (kg)                                                            41.8 ± 5.8     0.3 ± 1.4
  Fat mass (kg)                                                             29.9 ± 9.6     −1.0 ± 1.5[†](#tblfn2){ref-type="table-fn"}
  Trunk fat mass (kg)                                                       15.2 ± 5.3     −0.5 ± 1.2[†](#tblfn2){ref-type="table-fn"}
  Upper body fat mass (kg)                                                  19.0 ± 6.9     −0.7 ± 1.3[†](#tblfn2){ref-type="table-fn"}
  Leg fat mass (kg)                                                         10.2 ± 3.1     −0.2 ± 0.6[†](#tblfn2){ref-type="table-fn"}
  \% Body fat                                                               39.3 ± 6.0     −1.0 ± 1.5[†](#tblfn2){ref-type="table-fn"}
  Waist circumference (cm)                                                  85.9 ± 11.9    −1.2 ± 2.3[†](#tblfn2){ref-type="table-fn"}
  V[o]{.smallcaps}~2~max (mL/\[kg min\])                                    31.3 ± 5.1     4.2 ± 4.0[†](#tblfn2){ref-type="table-fn"}
  Resting metabolic rate (kJ/d)                                             6250 ± 918     −12 ± 410
  Fasting RQ                                                                0.85 ± 0.05    −0.03 ± 0.06[†](#tblfn2){ref-type="table-fn"}
  Energy intake (kJ/d)                                                      7904 ± 1787    −500 ± 1530[⁎](#tblfn1){ref-type="table-fn"}
  Fat intake (g/d)                                                          66.9 ± 20.4    −1.8 ± 19
  Carbohydrate intake (g/d)                                                 247.3 ± 72.0   −18.9 ± 53.4[†](#tblfn2){ref-type="table-fn"}
  Protein intake (g/d)                                                      71.6 ± 17.5    −6.3 ± 14.1[†](#tblfn2){ref-type="table-fn"}
  Resting heart rate (beat/min)                                             68.1 ± 8.3     −3.4 ± 5.7
  Average daily heart rate minus resting heart rate (beat/min)              18.1 ± 6.0     4.2 ± 6.9[†](#tblfn2){ref-type="table-fn"}
  Time \>1.5 times resting heart rate including exercise training (min/d)   --             40 ± 85
  Time \>2 times resting heart rate including exercise training (min/d)     --             23 ± 24
  Time \>1.5 times resting heart rate excluding exercise training (min/d)   106 ± 91       9 ± 85
  Time \>2 times resting heart rate excluding exercise training (min/d)     11 ± 15        4 ± 17
  No. of exercise training sessions completed                               --             28.3 ± 6.3
  Total duration of exercise training completed (min)                       --             1402 ± 469
  Mean heart rate during exercise (beat/min)                                --             142.7 ± 9.3
  Total net exercise energy expenditure (MJ)                                --             36.9 ± 17.0

N = 55; values are mean ± SD.

*P* \< .05 for change with exercise training.

*P* \< .01.

###### 

Correlations between intervention, behavioral compensation, and physiologic variables, and change in fat mass in response to exercise training

                                                                                                                        Correlation with change in fat mass                    
  ----------------------------------- --------------------------------------------------------------------------------- ------------------------------------- ---------------- ----------------
  Intervention variables              Total net energy expenditure of exercise                                          −**0.60 (\<.0005)**                   --               --
  Behavioral compensation variables   Change in energy intake                                                           0.20 (.14)                            0.20 (.14)       --
                                      Change in fat intake                                                              0.25 (.06)                            0.24 (.07)       0.10 (.48)
                                      Change in carbohydrate intake                                                     0.11 (.42)                            0.17 (.22)       0.00 (.99)
                                      Change in protein intake                                                          0.05 (.73)                            0.05 (.71)       −0.06 (.65)
                                      Change in average daily heart rate minus resting heart rate                       −0.31 (**.02**)                       0.15 (.27)       −0.16 (.25)
                                      Change in time spent \>1.5 times resting heart rate excluding exercise training   0.06 (.64)                            −0.05 (.73)      −0.03 (.85)
                                      Change in time spent \>2 times resting heart rate excluding exercise training     −0.04 (.75)                           −0.10 (.48)      −0.07 (.60)
  Physiologic variables               Change in Vo~2~max                                                                0.03 (.82)                            0.20 (.14)       0.15 (.26)
                                      Change in resting metabolic rate                                                  0.13 (.33)                            0.15 (.28)       0.15 (.28)
                                      Change in fasting RQ                                                              0.25 (.06)                            **0.31 (.02)**   **0.26 (.05)**

N = 55; values are correlation coefficients, with *P* values in parentheses. Statistically significant correlations shown in bold.
